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0***8 1] (0 0 01) MfttfU*/* **>AWR 
Ara*Xl£9*9+JMMKl:. *«A*tfil=MI*« 

asrOTiMiraiTft y. «iffii*c*fci 20* % 



n) M8Aa**JnXifc«5"*-^**»*i'-* 

ttt«»fM aim**. GaN^tt*fe^ 
GaN£A^nXfc:S4S'-HUtf£*ttTl*** GaN 

^7 7 4 * $«<J> -hi- Q e N X fc!S * V* Jlrrtfi 

jdBi=ftt»ri^ »^ai6tti s*s 1 

N/^77»tff5;S<3a Nilv77lftW<DjfiKU«fcv« 

**** tr77-f«wwn»fc** 

h*fct^TfcS««^tttt77'>f ^rfe V7?0 

[0003] -OttlSAfcKft^ltfcl^CfcTfc 
1 ettO)*** ^qKd««T**KO)eA«)±C^y OX 

fcs<^- mi5?ttri^GaNie3fe^^=t- f«>« 

£1 0 9cm-2t,<J)iS;ffi«<J>*£fc*Pfc L^Lttl 



rfc»*5r-f*-F (led) % i,-»f (ld) Ujfe 

LEDfl>jMttlH»Blfc§*>*l*» Ca>«fc3tt3 
SfcOlifc^rtS U LA«* £ 1 1* 3 0)tt 

ft M«cW^#**»^t»*ktim*^^ J: HI 
MfM>*ttlt U- »«-f * - KtfrtW* J: 

C0004] V7 7 4*m5i<»m*&boV>k;^fc z>> 
»BaU^l>kt>3Ci:rJ6 S i SfcTfcG a As g 

**** ^XnfcBSTSTOttW^^WSBra* 

[0 0 05] tt7 7>f^Uli»Baffi<P«t^r. ^xy> 
7at^i:J:or««ft-5ft« ^ @ii?]l=J:^>r» 
«W:tt(li:«l«flTi^. 

[00063 'mfrtMQflG. l>-«f*-f*-ho>tt 

«ffl)ttli*aBfc:Ufct»fea)T» 

[^S?W^UJ:dfcr^l52fi] *«Wfti«»lJ:3i: 
r*raSSHL »t7 7^^«tJ5lZ«Baft65^Cfc> *7 

[00 08] »«fc tT,s i c«6fedfct»dllKfe.* 

s i c t T<& t-e 3 ^ h ai= 3 . . 

[00 09] *w=*«s«i«ratttf»*fcLv-Drfc 
**ii*iwiaA©iiBttit*sttLv.tfl>i'» ? yt; 

a NfcRgatf-&T*fctt^3ttlV «Ktt f fc la» 
ir^ ir ^ 0 65 U - o)tt Jfi* i: Lr ©5B».tttt.<t L>* 
[0010] *ttyo* NWfe*¥0>3«tta»N**S 

[0011] tt^tt«l«W=tt<s«N««*ttdK9 



* i G . N©B» T * fc ««!=«*•= * *? ? 
[0 0 12] t-cr*5EBMtt^rfSS«»Sia&3J 

JSIZEJST* £fc *»l»"?t»fc. Q a As *«©f I-* 

1oO*13] C©*2=l**aiSSA©. ■■MB'FBr.2.98 
,300f. «B!Hf 10- 90 0 8#CW6^P|tiri» 

tt3*M©« |=«t»T.Mt.y«t!f ^&*l5.?p «*' 

cm) Asssfttr*. E * tta ^J£K5£.5 

*ATl»*BT» 5. A.tfB*att d * 1) Bffii: 
t»*. Si02«tf«)?W««im £ ^?.JV N i > 

*T [11-2] ©**I2*&*»b*<75W»i=»»* 

. Slit ©«sl= 1 asfc olHWB0>ie.£©ttSI- 

[00*14] Bltt?^fk8©ffiS=£ir.r. -*|2v 
*dTS»tf (11-2] *fil=BAW*. ***** 

kO [-11 O] *ft©»«tt31/2d/2T« S 

yaa NB65^a»»14Sfe^ (oooD Bfcfc*. 



[o o 1 s] m <nvmo<mm^i». @4 o) 

(Kim) <pS»*t»Si:T©ffiSSC. <i»J©E^6 
*»«T*l=tt'l*!iTlB»** B * <ki m) fcS 

Vo o i e] ct»* fc5B*r%****a**i=i*Hfc 

. m] tST. *tt«R**l=««£««*'*"*» T 

umm [Kim] fti&aiiUTMftw^oc^-DT 
»***i%±ro)iii)W*isi©^r» %< , a. *«©ffl 
jw. *sa^ett«±©«t*7» ►its 

[00 17] BtHftK i mttisi*a©si»r-* a 

B*©«*tt**<D±l=«»«IL.T» T. HBrttt 

©jt5i:awT*. *wi»«aw *. ua> wmb 
grttitiwsMi^ctwsau ft>t»yi=»i=? 

B»»o«=3^*»rfctti»a> 

■>-ettJU>*M=8fcl»*£l:T» U. 2fl>-tl=«L' 

[00 18]G«Astti*ftTS5. 3i». b. o 
«H3EL«BT* ** Btt»J453^)B«* (K I 

ftS. t<1?*1©»*«/ k « b/l - o/m©*r«« 

[0 0 19] 4*«> J b. 

d, o«3. d tt-¥BT l2 0- ©»«*_ 

a««L»*. B (K I niri) fc 3 3©tt. S51«a»> 
a. b. d. o««W^«P«/k, b/l. d/^n. 

oD Bi*ajsaiyt 6 B** < * tt<,) * «bt* 

[0 0201 bi. CD ®7*252£!2£' 

I". cnttMOC (««&JB«ft«rX) .. hvpe CA 
54FSfflJsHas£) - mocvoS (8II4BCVD 

a) «t«BL»*. B4 (2) pT.ri5Ua*. ?b 



CO 0 2 1] *&|=G«NjM*ttl**fcB« (3) 2 

[0 0 2 2] QsNaiSll^OTil^. firtlfc^ffl 

1 HVPES (Halide Vapor Phase Epitaxy) "3M* 
GafcHClSKJESUGaClStty. Cft ^V^ 

-7*J5JS*«r. a.NttrtT*. o.*HCi- 

GaCI 0tCI*NH3-»0»Nkl<3*9l-» 

(CH3) 3 + HCH8.CI, QaCI+NH3-» 

3. MOCVD* <«*^<t*«I^I*p^»'^ 
pnic chaaical vapor ^"^"'^^J?* 
Gs <CH3> 3+NH3-*<3eNk(8al-»«5n 

^0 O 2 31 MO C3: k MO C V D$ 0>S U'SSiJ 
ST« *. !t7 7^StS±0)(3a Ntlig»fc»l:ttM 

[0O24] asttHVPE«iB0)«**T>9» «S© 

*J: 51=* o Tl>*. E«5» 1 ©±-*U**»*> 

HCI + H28*i>i>SA*n*v EJ8*Pl©±S*l-tt- 

l=Ottft»,rt>*. HCI fpGaakfi 
k£j5 U5 a As r>X«9±l=G a N59«k CTrtST 

*> a NS««JBHTG a Mi«M«J< ««""^ 



a N (0001) »«0>±l=, Ga 

<>>««] G 1 " 1 0 O 1 °! - 

■CR*. fflJMiBlcttter}: [ 1-100) to i i - 1 
oi [-1010]. [-1100]. to-1 i 

0 ; 10-10] GoNSffiitt <0OO 

1 SMBC!^. Z*> G a N WfiJtT 
60«©«*aTiBT* *. K^^SXf 
fili:iST5. StfSliB T«Wff T* 

6. rt^08i.i2OilWt>^8 *. soat 

©EStt. GaAs»W© C1 1 - 2 L«*1'-?r 
tfy? t©«tf»3 J" 1 i 
.5] *W= a. s p «4l4i/&ftBi:n f ^2«* 

kf-^^l^^^ai!SkT*. 

[00291 tOftHVPE ^Pf^* 1 -* 

nv?;IsR.80nm©»*r*ri Lfc. 34; C2) 

©»«!-««. Ol'TGaA S 5S5*aU 1*39 7 0 
[00 30] t©{|T*©Ga AsS«*I*l-«fc-3r 



BSteLfc. 04 <4) \Zmt. ^^IfS-H*** 

[003 1] CO)QaNiIIJnS(Da«ti«iIiLr:. 
GeNStRtt (OOOD ffiW*ffiT6 2>aUSftT& ^ 

r» %*«WIS Lfc. {1-10 0} ©SBaSMffl 
r*iS«ififcT*Ga N#ty7S-3<*Cfc*5TS*. 
«|z {1- i ool MaWWifiSIMEfcT***** 

(LED. L D) 5ft4*»r§4. 

[0032] [*8IW2] *B6W1 fc3B©*aj^o 

TttHLfcGoNaiisaetfi (oooi) sa&BWWfc 

- 1 o o] *eilz«< fc*«2 p nv V 

?, Q.N(OOOI) B<D±IZMOCVD 

IBrfLte. «a«il6**»rt»5l.eDkHt»»»T» 
@6|zl«iE0:S*3". Q» NS«1 2©-tlz. n- 

AISaN3R13. z „f-7n- lnG.N14. 
p-AIGaN16. p-S.N17tgo«IJl 

#6l=t(l>±l=!S*«0)iMB*ffi2 O, pffl*«2 IS 
tttffc. *&|ZGaNS«©« ifi«IZnffl<6ffi2 2S» 

io033} LEO^v7©»««137 A -S' 1 

r.'-MMttin 2-1 elziivr. g*n (ooo 
T*tt«fcl»©T* fctftSTttlV tt»J^S»ja^i 

ft«i2o« ifctteo* iz»gs:*n*. 

r 10034} 07 IZtST LEDtt!EHft»T« *. 11 
. - 1 O O} . C O 1 -, -1 01 . C- t °J a .? 

* 9 7 fcU3 ©ttft«<1 tt t'ft 5 LED.** %ft^> ** £ 
Bt»6n%Sft5* < TJMSSL5E*«l^fc_r R G 

,nw/n« siizwwttssi <*S3*isiz*fifcsa 

*=S3ll7tfftl>©T*aiTS @12IZS^»IZ>o9 

I0O3 5} @8|ZS?LED»SST* 10-1 
1 OJ . 1 1 0- 1 O] . [O 1 - 1 0} . [- 1 O 1 

0} 0)4-?<DStia£H : S*iBlz6^*v7T* 6. 

* BlzWWafclJftK *6tt5lMZ60- «ttT 2_ffl© 

*aR©*fi»**5ii7K&i>. @i 3iz«w»*n 



T. «£©¥£** *7 fc L»3I*« UVWrtV F U V7 

iz*fci»r*UT*«tt«i>. * 
loos©} agizisrLEDttTfiegzBgT* -5. 

[0-1 10] . [10-101, [01-10], 
r-ioio] ©4r>©S*iaS«<?iom:&^*?:7?a 
«. « WBttH 8 © fc o t n ut ■ * *^^**gl* 

65 <«Stt5L'IZ 6 0"« «r 2ffl© i Pfftt»*3 1 \m 
ftt» (Hi 4) . fcf£U^fittW©HS56i*tt*. «i 

fcLr**ttft5S**n%«6iz»fiBr« 

[0037] molZSTfltt. S^LEDTR*. 
[1-100], [10-10]. [01-10]. 

r-1010] 0)4^<D»Ba£BSfl]iBlze.^*9 7T« 
(&IZSB«T%dBgft>* SISI-mT. -*l-«oas 

to038] @1 1|ZST©ttIEAft»0-LED^»7 

t S 5. [i-ioo], [lo-iol. [01-1 

0) (- 1100]. I-10101. to- n fc 

o] ©e-^BraffiSflMfiKfe^v^rB nus 

[oo39] iirore^^^f^sl^Rtt*^ 9 11* 
ISSStSS (1— 1 0 0} «*ll!SBSWia UT^ v 71- 

LTiEIRIZttfSyiCfcft 5 ^***^ •<». 

s«±©GtN5=;w^*^ar*fc»izR«)t»*^9 

I-(7 fc7 U-*V^lzttHtT*Siy ft5»«ttiz6l 

Miar^cfcft 1 ^**. • 'v , - _ ' 

[0 0 4 0} G a N <J)»aiBtt^ 1 -10 0} T» %ft> 
Ctltt (000 1) (BfcffiSET%tt^«*ft»« , 5ft5- 
^SLMZiEBItttOfct^^fcR LED#97tt 
*»ttyaft>5L»l=ifi*3-*-*ft i «tl-»L««T« * 

m. * e h I i tt too ooim 

01) iHiz!fiftr» ^.6>e» (0001) ffiizssnr*! 
A«id)«ffifts»affi/i:i:^3*r« jg*J|* 4 



*«ftlz«ffl r * C Hz J: o Tf*B3 Lfc*gJBtt<>> L e 
<J)ft«*ttU **£#*5tf;iUfc^3£fcl*fc *♦ t 

*Cfcl*»U». GaAsO) (1 1 1) ffi£jclZXfc!3 

[004 1] [£Jfcf«3 <LD0>1S6) ] *tt«1Tft 
SLfcGaN (O 0 0 1 ) StfilZG a N U- tf fcftS L 
?97l:&lir*« U-tf tetters **h7-r7» 

iSUL MOCVD£|ZJ:^Z\ Ge NStS<D±|ZA IG 
aNJi k InGaN MQ WJi, A I G a N Jf, p3*G 

5-aafc$iSiz<£*«fc3iz?*. maEBtt%»«Hiu 

ioo>fcrt>tffUu 0i 8<j>J:3lzU-tf*i2Sft 

y, 7h7^f726$<i-ioo> m^fiizftwr 

o» sfc*«t«*25. 25. Hzj-or;*^^* 
*♦ uTtifc«raffir* ox/>* ffiiztt*fm 
Tfcur. «»^r^v7i:^iT^ @i so)J: 
oi^rfegsJ^oLbt^. ajSE2 4. 2 4ff»gafE 

5- t tfc^7 7^ MtRG a N U— tf|Zit*tt*T* 

mm grow* ft sit^ jwsj < if o*raffiSi 

Coo 4 31 ^fiS^U- bliaffltfRra^fc *♦ * 

s * 4) Jtd izfttor fc. -#««wtt 2 s t * f 7 A 7 2 
6^sr^<td««^^r^ *<j)^d^? ?72 

C0044] tcr@2O0)J:5lz^K3-f 72 6IZJB 

xT6«wtt2 4ttnBaasiz^d^ fe3~*o)WWtt 

30tt, #BB8ffifcT** ^2U$4e>&f*!ffi2 5tt«:b 
tftU 021 0>«*5fc*?7lZtty, *RK<P<CU. 0* 
OTWttfttao^^CDlzMH^W^yf-OlBd^ffl 

C004S] 



mwmmi co oo o g a Nm$sft£t)5<D±iz, 

Dtffc*0)fS3fc**£ft^ 8lffJ5j {1-100} |ZJ:t> 



[HJGaAs (111) AffiStJ5|Z?*:?£ttl*'J 

V?57-flz«fcoT [1 1 - 2] *falz~i2!d5¥fTlztt 
^lEH^WojIB^o-lzS^aSWzWialtD^flD^ 
[02] £ft>**M LfcG a AsO)£ffilZG a NASjBfcg 
L V X 0 «SB *T iZlE^ft^KlziS &s ^ r < fi 

[03] *tl?*0)S LfciE*ft£Ga NISA 

[04] Ga Nft(8ASffi«»jST9ifl@%^nfS 
0* (1) ttGaAs (1 1 1) AaBlZ?*9Sttl7\* 
%63^^Sa>KiE@* (2) ttSC04>OT«!GaA 
s<J)±|ZGa NMv7 7»«^J5lL/=llfEBll* (3) tt 

siz v ^ (J>ff * sas* r g a n x tf 5 * v v ji© ^jdi 

«*i!fz«S<DWiB^ (4) KGaAsSISI^r 

^ c t iz jt o tg a n« is ^ ^ k urs ^> tl vai 

[05] HVPE$lZj;;DTGaAs^t5a>±lZ0i eN 
[© 51 G a N&ffia>±K-ft5* tfcG a N»**T©X 

1.8] »Baffi^^«lzLfc*^a)^WIZ^i^^ 
[0 9] »raEBs^«izu^^<i)3^wizird>^ 

fiG5523JBtt<D LE y 7 <J)^cB0* 

[01 OJ «63fB^ffl|Z Uc*5i^(D^]*«i;^^ 
SJ^«fl> LE D^v 70> s l 1 ^^ 

[011] llin«*MI&tfc'M«MaMl='^.9 

^Cft^ W<3> L E O 9 V 7 <J>*ffi0* 

[01 2) zft»tt©^v75«jyi»^fc«>(D»Baiz>s 

3G a N*X^±<DWI«tt** L^r^ffiH* 
[01 3] JI5S^^y7««»'Jk^fc«t>(D»B3IZ;S3G 

[01 4] ^f7His»o>*y7«wyfc*te^o)*Baiz 
$s 3 g a n -7 xm± ©«w ww^jf.r^aegi* 

[01 5] £*m*v7S«y**fc«&<D»5aiZ>S3G 
[01 6] 7Efz&l&*z>7$:WVtZtze><!>&ff\\ZX5 
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rai 7] ^^7<o^ffi^ (oood ^^(Si/s 

[12 0] ^h5>T7»xg^«^LD|Zt>L>T. 
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